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DIFFERENTIAL DIAGNOSIS
OF PEDIATRIC
MUSCULOSKELETAL MASSES

James S. Meyer, MD, and John P. Dormans, MD

MR imaging plays a major role in the evaluation
of children with soft-tissue and bone tumors. Al-
though the imaging characteristics of these lesions
are often nonspecific, MR imaging provides valu-
able information on the extent of disease and rela-
tionship of tumors to the neurovascular bundle and
other vital structures. This article reviews the radio-
graphic and MR imaging appearances and clinical
presentations of a wide range of musculoskeletal
masses that occur in children.

Children with bone and soft-tissue tumors usu-
ally present with pain or a focal mass. Plain radio-
graphs usually are the first imaging study used to
determine whether the abnormality is in the soft
tissue or in bone. When a bone lesion is detected,
the plain radiographic appearance helps determine
the need for additional imaging. Some benign le-
sions require no further imaging or treatment,
whereas for others CT or MR imaging is useful for
developing a differential diagnosis and for preoper-
ative planning. Malignant bone lesions are virtually
always assessed with MR imaging.

When there is a soft-tissue mass without an un-
derlying bone lesion, the need for further imaging
depends on the history and physical examination.
A soft-tissue mass that develops following trauma
may be a hematoma that initially requires only close
clinical follow-up, with imaging reserved for
masses that persist or grow. When a cystic mass,
such as a popliteal cyst, is suspected, ultrasound
can be done for confirmation, although MR imaging
is recommended if there is concern for internal joint
derangement. In most other situations, MR is used
to evaluate soft-tissue tumors.

PROTOCOLS

Different MR imaging protocols are used to eval-
uate soft-tissue masses, benign-appearing bone le-
sions, or malignant-appearing bone lesions. There
are, however, a few principles that should be ap-
plied to the MR imaging of all children with muscu-
loskeletal tumors.

To supplement information provided by the re-
ferring physician, available radiographs of the area
of interest are reviewed, a brief history is obtained
from the parent (or patient), and the patient is exam-
ined. When there is a soft-tissue mass, vitamin E
capsules are placed on the overlying skin to mark
the area of interest. The patient’s ability to cooperate
is assessed and sedation or pain medication is ad-
ministered according to an approved protocol” with
emergency personnel and equipment readily avail-
able. If the patient will require gadolinium injection
during the examination, intravenous access is estab-
lished prior to sedation.

After reviewing the plain radiographs, MR coil(s)
are chosen for the examination. The goals are to
obtain high-resolution images and cover the entire
area of interest. The examination, however, needs
to be performed in a timely manner, especially in
a sedated child or a child experiencing significant
pain. Optimally, the smallest coil that will allow for
adequate coverage is used.

When the area of interest is on the trunk, the head
coil is used for small patients and either the body
coil or a phased-array body coil is used for large
patients. Extremity tumors may require multiple
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coils. For instance, in a small child with an extensive
thigh lesion, a phased array coil is used that can be
repositioned to cover the entire lesion or involved
bone is used. In a large child, a surface coil is used
for high-resolution axial imaging of the tumor and
the body coil is used for long axis views of the entire
bone. Sometimes, the body coil alone provides ade-
quate quality for imaging an extensive abnormality
in a large child.

MR imaging examinations should be tailored to
obtain specific information. The following protocols
are recommended to evaluate children with bone
and soft-tissue tumors.

Soft-Tissue Tumor Protocol

In children with soft-tissue tumors, MR imaging
is done mainly to better determine the size and
location of the tumor and its relationship to other
structures, including the neurovascular bundle.
This information, in conjunction with the history,
clinical examination, and the lesion’s intrinsic MR
imaging characteristics enable the development of
a differential diagnosis and a surgical plan.

Axial T1-weighted, T2-weighted, and gradient-
echo sequences are done through the tumor. When
the lesion is near a joint, a long axis scan is done
using whichever sequence best delineated the tu-
mor. Additional Tl-weighted sequences (usually
with fat saturation) are performed if gadolinium
is administered. _

T2-weighted images usually delineate lesion ex-
tent. T1-weighted images supplement this informa-
tion, especially in lesions with fibrous and fatty
components, and are useful for tumor characteriza-
tion. The gradient-echo sequences define neurovas-
cular bundle location, determine the presence of
large or high-flow vessels in the tumor, and confirm
the presence of hemorrhagic products in the tumor.
The postgadolinium sequences determine the pres-
ence of cystic or necrotic components, differentiate
joint fluid from synovial hypertrophy or mass, and
distinguish venous from lymphatic components in
slow-flow vascular malformations.

Benign Bone Tumor Protocol

MR imaging is performed in children with
benign-appearing bone tumors when it is necessary
to determine the extent of tumor in the medullary
cavity, confirm the absence of an associated soft-
tissue mass, or delineate the relationship of the tu-
mor to the neurovascular bundle and other impor-
tant structures.

Evaluation of these tumors includes axial T1-
weighted and T2-weighted sequences and a long
axis scan, often using gradient-echo sequences.
Axial gradient-echo sequences are done when the
location of the neurovascular bundle is an issue.

The degree of medullary involvement is defined
on the T1-weighted and T2-weighted sequences and

any suspicion of a soft-tissue mass is well evaluated
with these sequences. The combination of long- and
short-axis images delineates lobulation or septa-
tion in cystic lesions. The T2-weighted sequences
are quite sensitive to the presence of fluid-fluid
levels.

Malignant Bone Tumor Protocol

In children with malignant-appearing bone tu-
mors, MR imaging assesses tumor extent, size, and
relationship to the neurovascular bundle and other
structures such as the physis, joint, and muscle com-
partments. MR imaging has less of a role in the
differential diagnosis because virtually all of these
lesions will undergo biopsy. MR imaging, however,
is helpful for planning the initial biopsy and crucial
to determine if the patient is a candidate for limb-
sparing surgery.

Axial T1-weighted and T2-weighted and long
axis T1-weighted sequences are done through the
entirety of the involved bone and axial gradient
echo sequences through the area of tumor. Small
field of view, long axis scans, usually as T2-weighted
sequences are used to evaluate joint involvement.
Long axis STIR sequences and postgadolinium im-
aging are optional.

The entire involved bone is imaged to look for
skip lesions. The images from axial T2-weighted
sequences, especially the proton density-weighted
images, usually define the soft-tissue portion of the
tumor. These images together with axial gradient-
echo sequences show the relationship of the tumor
to the neurovascular bundle. T1-weighted images
are reviewed together with the T2-weighted axial
images to assess lesion extent. The high-resolution,
long-axis, T2-weighted images are helpful to detect
a joint effusion or extension of tumor into the joint.
Short term inversion-recovery (STIR) sequences are
helpful for confirmation of inconclusive findings
seen on other sequences. Postgadolinium imaging
can distinguish tumor from edema® and determine
the amount of tumor necrosis.

DIFFERENTIAL DIAGNOSIS
OF BONE TUMORS

The plain radiograph is the most useful imaging
study to determine the differential diagnosis of a
bone lesion. Radiographs should be reviewed with
attention to the margin, associated periosteal reac-
tion, matrix, and location of a lesion. This informa-
tion can help estimate lesion aggressiveness, and,
in conjunction with the patient’s age, can be used
to develop and limit a differential diagnosis. The
MR imaging correlates to these plain radiographic
characteristics reflect interesting physiologic as-
pects of disease and MR imaging findings occasion-
ally offer further insight into the diagnostic possibil-
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Margins

On plain radiographs, the bone tumor margin is
the result of the balance between bone destruction
by host osteoclasts in response to the tumor and
adjacent osteoblastic activity. The perception of
bone destruction depends on both the degree of
bone loss and the amount of adjacent bone available
for contrast. Generally, lesions in the well-
trabeculated metaphysis are more easily seen than
those in the diaphysis. Slow-growing tumors are
usually benign and appear as well-defined lesions
with geographic (Fig. 14) and often sclerotic (Fig.
1B) margins. Faster growing tumors are often ma-
lignant and appear as poorly defined lesions with
moth-eaten or permeative pattern and indistinct
margins (see Fig. 10).®

The bone tumor margin on MR imaging primarily
reflects the amount of perilesional inflammation.”
Asaresult, benign lesions such as infections, osteoid
osteoma (Fig. 2A), chondroblastoma, and Langer-
hans cell histiocytosis (LCH) that elicit an inflam-
matory response can have indistinct margins.”
Other benign lesions and many malignant lesions
have sharply defined margins (see Fig. 2B). Differ-
ent MR imaging sequences, however, may provide
conflicting information about the tumor margin and
extent of malignant disease in the bone.

Distinguishing between bone marrow edema and
tumor can be difficult. Dynamic postcontrast MR
imaging can help differentiate them,” but requires
additional software and postprocessing and is not
in general use. Both tumor and bone marrow edema
have abnormal signal intensity (low on T1 weight-
ing, high on T2 weighting, high on STIR). Because it
is crucial in children with musculoskeletal sarcomas
that all of the primary tumor be resected and that
wide surgical margins be used, a conservative ap-
proach is best. All low T1 or high T2 weighting
signal intensity in the bone is considered abnormal
and presumed to represent tumor. Similarly, al-
though STIR sequences are known to overestimate
tumor extent,” abnormal STIR signal is best consid-
ered to represent tumor when it occurs in areas that
are questionable on other sequences. When signal
abnormalities suggest a skip lesion that will signifi-
cantly alter the child’s surgical management, how-
ever, that area is biopsied prior to definitive surgery.

Periosteal Reaction

Periosteal reaction on radiographs may be posi-
tive, adding bone to the cortex, or negative, remov-
ing bone from the cortex. The positive periosteal
reaction seen in association with a bone tumor re-
flects the amount of periosteal new bone produc-

Figure 1. Tumor margins on plain radiographs. A, Osteoblastoma (black arrows) of the distal humerus
has a well-defined but nonsclerotic margin. Dense periosteal new bone (white arrow) also is present.
B, Nonossifying fibroma in proximal humerus has a sharply defined and sclerotic margin. C, Ewing
sarcoma in femoral diaphysis has permeative pattern with indistinct margins. There is a pathologic
fracture and lamellated periosteal new bone is present.
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Figure 2, Tumor margins on MR images. A, Coronal T2-weighted image
of osteoid osteoma shows high signal intensity with poorly defined margins
involving femoral neck and proximal metaphysis. Center of nidus has high
signal intensity (arrow) with a rim of low signal intensity. B, Sagittal T1-
weighted image shows sharply defined margins (arrows) in osteosarcoma
of the distal femur.

tion, degree of periosteal elevation, and activity of
the tumor stimulating its production. Periosteal re-
action must be mineralized to be visible on plain
radiographs. There are three basic plain film appear-
ances for positive periosteal reaction: (1) continu-
ous; (2) interrupted; and (3) combined.”
Continuous periosteal reaction can result in a va-
riety of appearances. In slow-growing processes
such as bone cysts, endosteal resorption occurs in
conjunction with periosteal apposition and gives
the bone an expanded, shell-like appearance. Other
types of continuous periosteal reaction lead to thick-
ening of the bony cortex. This continuous reaction

may be solid (see Fig. 14), lamellated (Fig. 3A), or
spiculated, with each of these types representing a
progressively more aggressive lesion. Interrupted
periosteal reactions (Fig. 3B) often reflect tumor
growth exceeding the capacity of the elevated peri-
osteum to lay down bone. They also can represent
tumor breaking through the periosteum or resorp-
tion of previously present periosteal new bone. Peri-
osteal interruption is generally, but not always, due
to malignant disease. Combined reactions may rep-
resent a mixed pattern occurring in a single lesion,
but also can occur when a chronic lesion becomes
more active or following a fracture.
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Figure 3. Periosteal reaction on plain radiographs. A, Lamellated periosteal reaction
(arrows) is seen along the distal diametaphysis of the femur in a child with osteosarcoma.
B, Codman’s triangles (arrowheads) resuiting from soft-tissue mass breaking through
cortex and mineralized periosteum are present in the distal femoral metaphysis in another

child with an osteosarcoma.

On MR imaging, the periosteum has low signal
intensity on all imaging sequences and periosteal
elevation is detectable even when the periosteum
is not mineralized.” The MR appearance of mineral-
ized periosteal reaction reflects degree and maturity
of mineralization and the presence of intermingled
soft tissue. Mature, solid mineralized periosteum is
of low signal intensity on all sequences. Thin, shell-
like periosteum may be only barely perceptible. La-
mellated reaction contains areas of high signal in-
tensity soft tissue alternating with areas of calcified
periosteum (Fig. 4).

MR imaging is more sensitive to soft-tissue tumor
extension than plain radiography. Soft-tissue exten-
sion suggests malignant disease, but also can be
seen in benign diseases such as infection, LCH, giant
cell tumor,* and fibrous dysplasia.®

Matrix

The internal appearance of the tumor depends
on a combination of the tumor cells and matrix.

Tumor matrix is the substance produced by the
tumor cells. Some tumors (Ewing’s sarcoma, bone
cyst) do not produce matrix. Other tumors produce
matrix that is either osteoid, chondroid, fibrous,
myxoid, or a combination of these materials. Like
periosteum, unless it is mineralized, tumor matrix
will not be apparent on plain radiographs.”

The plain radiographic appearance of mineral-
ized matrix has diagnostic significance. Mineralized
osteoid matrix appears as homogeneous areas of
opacity on plain radiographs. Mineralized chon-
droid matrix has a stippled, flocculent, or solid pat-
tern. A pattern of calcified rings and arcs can de-
velop around cartilage lobules.”

On MR imaging, benign and malignant bone tu-
mors have predominantly low signal intensity on
T1-weighted sequences and intermediate to high
signal intensity on T2-weighted sequences. The de-
gree of matrix calcification, however, greatly influ-
ences this appearance and areas of calcification or
septation can result in low signal intensity foci on all
sequences. Gadolinium enhancement reflects lesion
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Figure 4. Lamellated periosteal reaction. Axial CT (A) and T2-weighted image (B) at corresponding
level show mineralized periosteum (arrows) alternating with soft tissue.

vascularity and can be seen to varying degrees in
both malignant and benign tumors.® Tumors of fi-
brous and cartilaginous matrix, when not mineral-
ized, tend to have intermediate to high signal inten-
sity on T2-weighted sequences. Uncomplicated
bone cysts usually contain high signal intensity fluid
on T2-weighted sequences. Occasionally a fluid-

fluid level (Fig. 5) caused by hemorrhage is seen in
a bone tumor. This was originally described in an
aneurysmal bone cyst (ABC)> but has since been
seen in a variety of bone tumors including chon-
droblastoma, giant cell tumor, fibrous dysplasia,
simple bone cyst, malignant fibrous histiocytoma,
and osteosarcoma.®

Figure 5. Axial T2-weighted image shows a fluid-fluid level (arrow)
due to blood in an aneurysmal bone cyst of the pubic bone. There
is thin, shell-like periosteal reaction that was barely perceptible
on plain radiography, but is seen as a black line (curved arrow)
between tumor and surrounding soft-tissue edema.
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Selected Benign Bone Tumors

Bone Cysts

Simple and aneurysmal bone cysts are relatively
common lesions in children and more than 85%
occur in patients less than 20 years of age. Simple
bone cysts are fluid-filled tumors that are lined by
fibrous tissue and a single row of mesothelial-like

cells. Most are centrally located in the medullary
cavity. They are usually metaphyseal, but may be
seen in the diaphysis and rarely cross the physis to
involve the epiphysis. Sixty-two percent of simple
bone cysts involve the proximal humerus and 27%
the proximal femur.*

Aneurysmal bone cysts have cyst-like walls of
predominantly fibrous tissue filled with free-
flowing blood. Aneurysmal bone cysts can be cen-
trally or eccentrically located in the bone. Most oc-
cur in the long bones (53%) and spine (15%). Those
occurring in the long bones tend to involve the me-
taphyses and those in the spine usually involve the
posterior elements.*®

A simple bone cyst often can be differentiated
from an ABC by plain radiographic findings. When
plain film findings are atypical, however, MR im-
aging often can suggest the correct diagnosis. The
typical simple bone cyst is a single smoothly mar-
ginated lesion that contains homogeneous fluid
with intermediate signal intensity on T1-weighted
sequences and high signal intensity on T2-weighted
sequences. ABCs often have internal septations and
contain hemorrhagic material with fluid-fluid lev-
els. Although there can be overlap in the appearance
of bone cysts, if a cystic lesion has internal septations
and hemorrhagic products, it is more likely an aneu-
rysmal bone cyst than a simple cyst (R. ]J. Sullivan,
MD, personal communication, 1995).

Osteochondroma

An osteochondroma is a benign, cartilage-capped
lesion that grows out of the bone and typically
points away from the adjacent joint. These tumors
can affect virtually any bone with an epiphysis or
apophysis and about 80% arise from the long
bones.* These lesions are most often metaphyseal,
but may occur in the diaphysis in older patients.
Plain radiographic findings are characteristic. MR
imaging is occasionally done in symptomatic pa-
tients™ # and for surgical planning.

The continuity of the bone marrow and cortex of
the osteochondroma with native bone (Fig. 6) and
the relationship of the tumor to adjacent neurovas-
cular structures are well-demonstrated with MR im-
aging.” Furthermore, MR imaging can show the
cartilaginous cap, which should be considered sus-
picious for chondrosarcomatous transformation
when it exceeds 2 cm in thickness in a skeletally
mature patient.”

Figure 6. Long axis T1-weighted image shows continuity
of native medullary cavity and cortical bone of the proximal
humerus with an osteochondroma (arrows) in a 7-year-old
boy. MR imaging was performed to define the relationship
of the tumor to the neurovascular bundie.

Chondroblastoma

Chondroblastomas are benign cartilaginous tu-
mors arising in the epiphyses and apophyses. Sev-
enty percent of lesions are seen during active phy-
seal growth and most occur in children between
10 and 20 years of age. Proximal humeral (18%),
proximal tibial (17%), distal femoral (16%), and
proximal femoral (12%) epiphyses are the most
common sites of involvement. Lesions may extend
to the metaphysis, but pure metaphyseal involve-
ment is rare. On plain radiographs, lesions are oval
to round with well-defined borders, many have a
thin rim of sclerosis, and about half contain punctate
opacities representing a calcification of cartilagi-
nous matrix.” Periosteal reaction can occur adjacent
or distant to the lesion. The differential diagnosis
for these lesions usually includes subacute osteomy-
elitis (Brodie’s abscess) of the epiphysis.

On MR imaging, tumor margins often are
lobular® but the internal signal characteristics
vary.®® % The inflammatory nature of these tumors
is reflected by bone marrow and soft-tissue edema
and periosteal reaction.® ® ¢ The presence of these
findings may be helpful for evaluation of patients
with possible recurrence. In a group of four patients
with clinically suspected recurrence, peritumoral
bone marrow edema was present in one patient with
recurrence and absent in three without recurrence.®®




568 MEYER & DORMANS

Osteoid Osteoma

Osteoid osteomas are often seen in adolescents
and have a classic clinical presentation of pain that
is most intense at night and relieved by aspirin;
rarely, these lesions are painless. The nidus is oste-
oid rich and highly vascular in early lesions,
whereas more mature lesions are less vascular. The
lesion usually is close to the cortex and more than
80% occur in the long bones. Plain radiographs usu-
ally show a less than 2 cm area of abnormal bone
that is lucent to extremely dense and associated
with dense periosteal new bone. About 6% occur
in the spine, in which they typically involve the
posterior elements, near the pedicles.*

On MR imaging, the nidus (see Fig. 24) may have
low or intermediate signal intensity on Tl-weighted
sequences and low, intermediate, or high signal in-
tensity on T2-weighted sequences.! When present,
associated cortical new bone is of low intensity on
all imaging sequences. The nidus enhanced variably
following gadolinium administration.” The nidus,
however, is not always well seen and MR imaging
often shows signal abnormalities in the medullary
bone and soft tissues that overestimate disease ex-
tent. For these reasons, CT is preferred when there
is a strong clinical suspicion for osteoid osteoma.

Fibrous Dysplasia

Fibrous dysplasia is caused by a hamartomatous
or tumor-like proliferation of fibroosseous tissue.

Seventy-five percent of patients are less than 30
years of age at presentation. Lesions usually are
monostotic and most involve the femur (36%), tibia
(19%), and skull (17%).% Polyostotic disease can be
associated with McCune-Albright syndrome, which
often is manifest by the triad of bone lesions, cutane-
ous pigmentation (café-au-lait spots), and preco-
cious puberty in girls.?

Fibrous dysplasia involves the medullary cavity
and may result in bony expansion. A ground-glass
appearance often is seen on plain radiographs and
involvement of the proximal femur may result in a
typical shepherd’s crook deformity.®

MR imaging depicts medullary cavity involve-
ment well. The signal characteristics of fibrous dys-
plasia vary (Fig. 7). Some areas have low signal
intensity on T1- and T2-weighted sequences and
others have high signal intensity on T2-weighted
sequences.” Fibrous dysplasia may cause cortical
thinning and areas of full-thickness cortical destruc-
tion as well as associated soft-tissue masses that can
be seen on MR imaging.*

Osteofibrous Dysplasia

Osteofibrous dysplasia (also known as Campanac-
ci’s disease and ossifying fibroma) is a fibroosseous
lesion that originates in the cortex and may extend
into the medullary cavity of the tibia or fibula. These
lesions typically begin in the anterior cortex of the
bone, are oriented longitudinally, and cause cortex

Figure 7. Fibrous dysplasia. A, Axial T1 -weighted image shows predominantly low signal intensity
material (arrows) filling the medullary cavity. B, This material has predominantly high signal intensity
(arrows) on the corresponding T2-weighted image.
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expansion. On plain radiographs, they have a lytic
to ground-glass appearance with small to large lobu-
lar loculations and blastic to sclerotic margins. Some
patients have anterior bowing deformity and patho-
logic fractures may occur. These lesions must be
distinguished from fibrous dysplasia and adamant-
inoma, a rare low-grade malignancy that has a pro-
pensity to involve the anterior portion of the tibial
and fibular diaphyses.”

The MR imaging signal characteristics of osteofi-
brous dysplasia are similar to those of fibrous dys-
plasia. MR imaging can help differentiate these le-
sions by demonstrating the cortical location of
osteofibrous dysplasia and the medullary location
of fibrous dysplasia.”” Differentiating osteofibrous
dysplasia from adamantinoma is more difficult and
definitive diagnosis requires biopsy.

Biopsy is recommended if there is extraosseous
extension of tumor, a permeative pattern on plain
radiographs, or in patients seeking care after 20
years of age.* MR imaging can determine the pres-
ence of a soft-tissue mass,” prompting biopsy, and
can demonstrate the cortical® and, when present,
medullary extent of the lesion.

Selected Malignant Bone Tumors

Osteosarcoma

Osteosarcoma is a malignant tumor that produces

osteoid and bone.” It is the most common malignant

bone tumor in children.” Osteosarcomas may be
high or low grade and intramedullary, intracortical,
or juxtacortical in origin.*

The intramedullary, high-grade variant (classic
osteosarcoma) comprises 75% of osteosarcomas.*
Approximately 15% of children with these tumors
present with metastatic lesions, usually to the
lungs.” The primary tumor occurs most frequently
in the distal femur (35%), proximal tibia (17%), and
proximal humerus (10%). Ninety percent are lo-
cated in the metaphysis, 9% are diaphyseal, and
1% occur in the epiphysis. These osteosarcomas are
typically large (> 6 cm) with fluffy bone production,
Codman’s triangles, aggressive periosteal reaction,
and a soft-tissue mass on plain radiographs. Less
commonly, osteosarcomas, especially the telangiec-
tatic variant, are purely lytic. Tumors developing
in the diaphysis may have onion-skin periosteal
new bone, stimulating a Ewing’s sarcoma.®

These tumors typically show low signal intensity
on T1-weighted images and heterogeneous high sig-
nal intensity on T2-weighted images in the medul-
lary cavity and an associated soft-tissue mass (Fig.
8A). As would be expected, the more densely calci-
fied tumors have more areas of low signal intensity
on all imaging sequences. MR imaging is accurate
in determining transphyseal spread of tumor into
the epiphysis (see Fig. 8B)** and very sensitive for
detection of intraarticular involvement. MR im-
aging, however, is not very specific for joint involve-
ment and peritumorous inflammatory changes may

Figure 8. Osteosarcoma. A, Sagittal T2-weighted image shows large soft-tissue mass
(arrows) of an osteosarcoma in the proximal humerus of an 11-year-old boy. B, Coronal T1-
weighted image shows low signal intensity tumor crossing the physis into the distal femoral

epiphysis in a 5-year-old boy.
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cause false-positive diagnoses that can lead to un-
necessarily radical surgery.*

Other, less common types of osteosarcoma are
the periosteal and parosteal variants. Periosteal os-
teosarcoma is a low- to moderate-grade tumor that
is extremely rare. Most of these tumors are diaphy-
seal and involve the tibia (51%) or femur (35%).
This tumor has been seen in patients 9 to 70 years
of age, but most patients are in their third decade.
These tumors are saucer-shaped to fusiform, eccen-
tric, juxtacortical masses and more than 50% display
perpendicularly oriented bony spicules radiating
from the cortex to the outer edge of the tumor.”

The parosteal variant may be low or high grade.”
Parosteal osteosarcomas typically develop in the
long bones, especially the distal femur of adults.?
On plain radiographs, these densely calcified le-
sions may have a lucent noncalcified cleavage plane
between the tumor and the cortex.* Most low-grade
lesions have low signal intensity on T1- and T2-
weighted sequences, whereas most tumors with
high signal intensity on T2 weighting are high
grade. MR imaging also can demonstrate the pres-
ence of marrow involvement (Fig. 9), which does
not indicate a high-grade tumor, but should be com-
pletely excised to improve patient prognosis.?

Ewing’s Sarcoma

Ewing’s sarcoma is a highly malignant, round
cell tumor of uncertain origin. It is the second most
common malignant bone tumor in children.
Twenty-five percent of children present with overt

metastases, usually to the lungs, bone marrow, or
bone."” Ewing’s sarcoma can occur in any bone, but
is most common in the femur (25%), ilium (14%),
tibia (11%), and humerus (10%). Long bone involve-
ment is described classically as middiaphyseal
(33%), but metadiaphyseal (44%) involvement is ac-
tually more common and pure metaphyseal (15%)
involvement can occur as well.*!

On plain radiographs, Ewing’s sarcoma may be
lytic, mixed lytic-blastic, or predominantly sclerosis.
Periosteal reaction may be onion-skinning, a single
continuous line, or perpendicular striations (hair on
end). Codman’s triangles may be present.* In addi-
tion, cortical saucerization may occur.®

MR imaging characteristics are similarly varied
(Fig. 10). In a review of 18 patients with Ewing’s
sarcoma that were lytic on plain radiographs, the
involved portion of the medullary cavity had low
signal intensity on T1-weighted sequences and there
were associated soft-tissue masses in all patients.
Sixteen tumors were isointense to fat on T2-
weighted sequences. There was massive muscle
edema in three tumors, but muscle edema was ab-
sent in eight."

Lymphoma

Primary bone lymphoma is rare in children and
some children who appear to have this tumor de-
velop leukemia within 6 months of presentation.
The femur (24%), ilium (17%), humerus (11%), and
tibia (9%) are the most common sites of involve-
ment, but lymphoma may occur in any bone. Le-

Figure 9. Parosteal osteosarcoma. A, Sagittal T1-weighted image shows mixed low and intermediate
signal intensity tumor (arrow) adjacent to the anterior cortex of the distal femur. B, Axial T2-weighted
image shows mixed intermediate and high signal intensity in tumor (arrow). High signal intensity seen
in the medullary cavity (curved arrow) also was found to represent tumor.
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Figure 10. Ewing's sarcoma. A, Axial T2-weighted image shows large soft-tissue mass (arrows)
surrounding the distal femur in a 4-year-old girl. Note the low signal intensity of the periosteum (curved
arrow). B, Axial T2-weighted image with fat saturation shows high signal intensity in the medullary
cavity and periphery (arrows), but predominantly low signal intensity in the remainder of the humerus
in this 11-year-old boy. This tumor was densely sclerotic on plain radiography.

sions usually occur in the metaphysis or diaphysis
and have an ili-defined, mixed lIytic and blastic ap-
pearance on plain radiographs. Most other lesions
are purely lytic; purely blastic lesions are very rare.
There may be extensive permeative destruction, and
periosteal reaction may be minimal or extensive. In
addition, a soft-tissue mass can be present.®

MR imaging may show a medullary lesion or
extensive intraosseous and extraosseous tumor. In-
terestingly, in one review' of primary bone lymph-
oma in four adults, MR imaging showed linear foci
of abnormal signal intensity penetrating the cortex
(Fig. 11). This suggests a mechanism whereby tu-
mor can gain access to surrounding tissue without
obvious cortical destruction.™

DIFFERENTIAL DIAGNOSIS OF
SOFT-TISSUE TUMORS

Soft-tissue masses in children usually are benign.”
History and clinical examination guide the evalua-
tion of a soft-tissue mass, but biopsy often is neces-
sary for histologic diagnosis. MR imaging is useful
to confirm the presence of a mass and determine
tumor size and location.

MR imaging characteristics are nonspecific and
usually cannot predict histology. Well-defined mar-

gins and homogeneous internal signal intensities
are seen on MR imaging in malignant and benign
soft-tissue masses.” Similarly, both malignant and
benign lesions can have ill-defined margins and het-
erogeneous internal signal intensity. Imaging fol-
lowing gadolinium administration can define ne-
crotic and cystic areas, but has not been shown to
significantly improve the differentiation of benign
from malignant tumors.” Sometimes, however, MR
imaging characteristics, especially in conjunction
with the history and physical examination, allow
an accurate diagnosis, as in patients with lipomas®
and vascular malformations.

Selected Benign Soft-Tissue Tumors

Fatty Tumors

There are a wide variety of fatty tumors and most
are more common in adults than in children. Simple
lipomas are well-circumscribed, benign tumors
composed of mature adipose tissue that typically are
seen in adults in their fifth and sixth decades. Other
benign variants of lipomas include lipomatosis and
infiltrating lipomas, in which mature adipose tissue
infiltrates through the soft tissues of the trunk or an
extremity.” Lipoblastomas are immature lipomas
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Figure 11. Axial T2-weighted image

shows linear areas of high signal

intensity (long arrows) extending through the cortex and soft-tissue mass
(curved arrow) in this 16-year-old boy with primary lymphoma of the bone.

that occur almost exclusively in young children less
than 3 years of age.® Two-thirds of these tumors are
well circumscribed.” Those that infiltrate the mus-
cles and subcutaneous tissues are referred to as dif-
fuse lipoblastomatosis.” Liposarcomas are rare malig-
nant tumors in children. When they occur in
children, however, these tumors most often are
found in the extremities and retroperitoneum.?

There is marked overlap in the MR imaging char-
acteristics of these fatty tumors. Simple lipomas are
well-circumscribed lesions with signal characteris-
tics that approximate the subcutaneous fat on all
imaging sequences. Lipoblastomas® and liposarco-
mas also can have well-defined margins.’ Lipoblas-
tomas can have predominantly low to intermediate
signal intensity on T1-weighted sequences and high
signal intensity on T2-weighted sequences,” pre-
dominantly fat signal intensity with an associated
cyst, or signal equivalent to fat on all sequences.

Varying amounts of fatty tissue are seen in lipo-
sarcomas. The more differentiated liposarcomas
have more fat-like tissue, whereas very high-grade
tumors often contain no fat at all.* Lipomas, liposar-
comas,” and lipoblastomas all can contain enhanc-
ing fibrous septa. Therefore, it is only when a purely
fatty tumor has well-defined margins and no areas
of internal septation or apparent muscle invasion
that the diagnosis of lipoma can be made on MR
imaging.? In the remaining cases, all three fatty
tumors must be included in the differential diagno-
sis, with liposarcoma being least likely owing to its
extreme rarity in children.

Fibromatosis

Fibromatosis can occur in young children, but
usually presents in young adults between puberty
and 40 years of age. These lesions are characterized

by the proliferation of benign fibrosis tissue and
have been categorized into superficial and deep
groups by Enzinger." When superficial, these tu-
mors are usually small and slow growing. Deep
lesions include extraabdominal desmoids, often re-
ferred to as aggressive fibromatosis,? which are typi-
cally more aggressive and grow faster.?

Fibromatosis is locally aggressive, but never me-
tastasizes.” Lesions usually are solitary, but may be
multicentric.”” Involvement of the adjacent neuro-
vascular structures is not unusual.” Children with
these tumors have variable and unpredictable clini-
cal courses. Treatment includes surgery, radiation
therapy, and chemotherapy. Owing to the aggres-
sive nature of this disease, however, recurrence oc-
curs in up to 50% of patients and was reported in
seven of eight children in one series.’

Fibromatosis has a variable MR imaging appear-
ance (Fig. 12). Lesions can be nodular with well-
defined margins or infiltrative with irregular mar-
gins or permeation.” Some lesions have low signal
intensity on T1- and T2-weighted sequences,” as
would intuitively be expected by the fibrous nature
of the lesion. A greater percentage of lesions, how-
ever, are of heterogeneous signal intensity with ar-
eas of high signal intensity on T2-weighted se-
quences.” ¥ % Tesions also can have high signal
intensity on T1- and T2-weighted sequences.! Fol-
lowing gadolinium injection, lesions may enhance
diffusely, heterogeneously, or not at all and there
is no relationship between the enhancement pattern
and patient clinical course.®

MR imaging characteristics reflect tumor histol-
ogy. Lesions with low signal intensity on T2-
weighted sequences have a larger collagenous com-
ponent,” whereas tumors with more cellular tissue
and less collagen have higher signal intensity on
T2-weighted sequences.? % In addition, tumors with
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Figure 12. Fibromatosis. A, Sagittal T1-weighted image shows mixed intermediate

and low signal intensity mass (arrows) in the popliteal fossa of this 18-year-old
boy. B, Axial proton density-weighted image with fat saturation shows high signal
intensity mass surrounding the second metatarsal bone in this 4-year-old boy.

high signal intensity on Tl-weighted sequences
have been found to contain fat or myxoid material.®

Neurofibroma

Neurofibromas are the most common benign tu-
mor of the peripheral nerves and may occur as iso-
lated lesions or in association with neurofibroma-
tosis type 1.° These tumors are usually sharply
defined round or ovoid masses less than 5 cm in di-
ameter.’

Neurofibromas have a characteristic target ap-
pearance with a central zone of low intensity sur-
rounded by a peripheral zone of higher intensity
on T2-weighted images.” This target sign also has
been seen in schwannomas and multiple target
signs have been seen in plexiform neurofibromas.®
Target signs also may be seen in malignant nerve

sheath tumors, but the absence of this sign in the
largest component of these tumors appears to be a
predictor of malignancy.®

Myositis Ossificans

Myositis ossificans is a benign, solitary, ossifying
soft-tissue mass that typically occurs in muscle.
These tumors are assumed to be posttraumatic, al-
though a history of trauma is not always present.”
The lesions begin as amorphous soft-tissue masses
and slowly mature into well-defined calcified tu-
mors. Children who present with these masses can
represent a diagnostic dilemma, especially when a
history and other signs of trauma are absent.

On MR imaging, these lesions may simulate a
soft-tissue sarcoma.® * The MR imaging findings
of myositis ossificans, however, follow a pattern
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related to lesion maturity. Early lesions may have
heterogeneous signal intensity with surrounding
edema™ or can have homogeneous internal signal
intensity.” Intermediate lesions generally are het-
erogeneous with increased signal intensity and
extensive surrounding edema on T2-weighted
sequences. Late lesions are well-defined heteroge-
neous masses with signal approximating fat on T1-
and T2-weighted sequences.” The CT appearance
of these lesions is well described. On CT, a rim of
mineralization can be seen around the lesion after
4 to 6 weeks. This rim is much less apparent on
MR imaging.?

When this entity is suspected plain radiography
is performed; CT is preferred over MR imaging.
Lesions are prone to recur when surgery is per-
formed prior to lesional maturation, and therefore
a reliable diagnosis that avoids biopsy and surgery
can improve the patient’s clinical course.

Selected Malignant Soft-Tissue Tumors

Soft-Tissue Sarcomas

Soft-tissue sarcomas develop from mesenchymal
stem cells and compose 10% to 15% of malignant
tumors in children.®’ These tumors have nonspecific
MR imaging appearances. Typically, they are of pre-
dominantly low signal intensity on Tl-weighted
and high signal intensity on T2-weighted images,
but they can have homogeneous or heterogeneous
signal intensity with well- or ill-defined margins on

Figure 13. Rhabdomyosarcoma. A, Axial T2-wei

all imaging sequences. Histologic diagnosis re-
quires biopsy.

More than half of soft-tissue sarcomas in children
are rhabdomyosarcomas (Fig. 13).% These tumors
are thought to arise from progenitor cells for striated
muscle," but can arise anywhere in the body, even
in areas with no striated muscle.* The head, neck,
genitourinary tract, and extremities are the most
common locations.® There are three histologic sub-
types: embryonal, alveolar, and pleomorphic.™ The
embryonal type is common from birth to 15 years
of age® and usually is seen in the head, neck, and
genitourinary tract.? The alveolar type is common
between 10 and 25 years of age.” Most extremity
rhabdomyosarcomas are the alveolar type,” which
has a poorer prognosis than the embryonal
subtype.?

The remaining soft-tissue sarcomas are referred
to as nonrhabdomyosarcoma  soft-tissue  sarcomas
(NRSTS) and consist of a heterogeneous collection of
histologic subtypes (Fig. 144). Synovial cell sarcoma
is the most common NRSTS in children and com-
poses about 10% of pediatric soft-tissue sarcomas.®

Synovial cell sarcoma (see Fig. 14B) is extremely
rare in children younger than 5 years of age,” but
31% occur in patients less than 20 years of age.®
These tumors develop from mesenchymal cells that
differentiate sufficiently to resemble synovial mem-
brane. They frequently occur close to joints, ten-
dons, and bursae, but rarely arise from the intraarti-
cular synovial lining.# Synovial cell sarcomas
frequently invade, erode, or touch the adjacent

ghted image shows a small, fairly well-defined soft-
tissue mass (arrow) in the thigh of a 15-year-old gir! with alveolar type rhabdomyosarcoma. B, Axial
T2-weighted image with fat saturation shows a large, well-defined soft-tissue mass of heterogeneous
signal intensity in the forearm of this 10-year-old girl with alveolar type rhabdomyosarcoma.
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Figure 14. Nonrhabdomyosarcoma soft-tissue sarcomas. A, Sagittal T2-weighted image with fat satura-
tion shows large mass (arrows) of heterogeneous signal intensity in the forearm of this 2-month-
old girl with undifferentiated sarcoma. B, Axial T1-weighted image shows mixed low and interme-
diate signal intensity mass (arrows) in this 8-year-old girl with synovial cell sarcoma in the left inguinal
region.

bone. Punctate calcifications are seen on plain ra-
diographs in up to 30% of tumors.” In addition to
the nonspecific MR imaging characteristics already
described, synovial cell sarcomas may contain areas
of high signal intensity on Tl-weighted sequences
and fluid-fluid levels that reflect hemorrhage.®* In
the appropriate clinical setting, these MR imaging
findings suggest the diagnosis.

Fibrosarcoma is the next most common NRSTS
and comprises about 6% of pediatric soft tissue sar-
comas.” Fibrosarcoma has a congenital form that
usually presents in infants and children less than 5
years of age and in children 10 to 15 years of age.”
Other NRSTS include neurofibrosarcoma, which
causes 5% to 10% of NRSTS and occurs in up to
15% of children with von Recklinghausen’s disease,’
and malignant fibrous histiocytoma, which is the
most common soft-tissue sarcoma in adults, but is
rare in children.®

Langerhans Cell Histiocytosis

LCH is a poorly understood disease that is char-
acterized by the accumulation of pathologic
Langerhans-like cells, a type of histiocyte. Histori-
cally, this disease was termed eosinophilic granuloma,
Hand-Schiiller-Christian disease, or Letterer-Siwe dis-

ease depending on the patients’ signs and symp-
toms. This disease can involve virtually any organ
system in the body and may present with bone
lesions or soft-tissue masses.”

The radiographic appearance of bone lesions in
LCH varies with the area involved and phase of
disease. Lesions usually destroy bone and have ra-
diographic features that simulate either benign or
malignant disease. Bone lesions usually have low
signal intensity on Tl-weighted images and high
signal intensity on T2-weighted sequences, and ap-
pear more extensive than on corresponding plain
radiographs.” Soft-tissue lesions have a nonspecific
MR imaging appearance (Fig. 15) and may or may
not be associated with bone involvement.

CONCLUSION

MR imaging plays a major role in the evaluation
of children with musculoskeletal masses. MR im-
aging can confirm the presence, define the location,
and characterize soft-tissue masses, occasionally re-
sulting in a specific diagnosis. Plain radiographs
are more valuable for determining the specific diag-
nosis of a bone lesion, but MR imaging is crucial
for evaluating the extent of disease and planning
surgical intervention.
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Figure 15. Axial T2-weighted image shows extensive high
signal intensity mass with poorly defined margins as the
only evidence of disease in this girl with Langerhans cell
histiocytosis.
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